Background: A number of previous studies have suggested that overweight or obese patients with coronary artery disease (CAD) may have lower morbidity and mortality than their leaner counterparts. Few studies have addressed possible gender differences, and the results are conflicting. We examined the association between body mass index (BMI) and risk of acute myocardial infarction (AMI), cardiovascular (CV) death and all-cause mortality in men and women with suspected stable angina pectoris.
Background
Cardiovascular disease (CVD) is the leading cause of death globally: the majority dying from ischemic heart disease [1] . Overweight and obesity, most commonly defined according to body mass index (BMI), has been characterized as a major modifiable risk factor for cardiovascular (CV) morbidity and mortality by the American Heart Association and the American College of Cardiology [2] .
As recently reviewed, some studies of patients with coronary artery disease (CAD) suggest that being overweight or obese has beneficial effects in terms of reduced risk of CV events and/or mortality; a phenomenon known as the obesity paradox. However, there is no broad consensus regarding the obesity paradox, as several studies are unsupportive of this conclusion [3] .
Moreover, despite the fact that both body fat percentage and distribution vary by gender [4] , only a limited number of studies among patients with CAD or suspected CAD have examined the association between BMI and risk of coronary events and mortality in men and women separately, and the reported results are conflicting [5] [6] [7] [8] [9] . There is, however, a tendency towards a non-disadvantageous [5, 6, 9] or even a beneficial [7] effect of overweight and obesity among women, while obesity appears to increase the risk of coronary events in men [5, 6] .
In the present study we examined the association between BMI and risk of incident acute myocardial infarction (AMI), CV death and all-cause mortality in a large population of men and women with suspected CAD. We hypothesized that overweight and/or obesity, as compared to normal weight, was associated with an increased risk of AMI, CV death and all-cause mortality among men, but not among women.
Methods

Study design and patient population
The patients recruited for the present investigation are described in detail elsewhere [10] . In brief, 4164 patients undergoing elective coronary angiography for suspected stable angina pectoris were recruited from two university hospitals in Western Norway from January 2000 to April 2004. Of these patients, 2573 (62.0%) were enrolled in the Western Norway B Vitamin Intervention Trial (WENBIT) which studied the prognostic impact of B-vitamin supplementation upon incident CV events and mortality (clinicaltrials.gov Identifier: NCT00354081) [11] . Patients for whom there was no BMI data (n = 3) were excluded from the study, as were underweight patients (BMI < 18.5 kg/m 2 ) (n = 30).This left a total of 4131 subjects eligible for the analyses.
The study protocol met the mandate of the Helsinki Declaration, and was approved by the Western Norway Regional Committee for Medical and Health Research Ethics and the Norwegian Data Inspectorate. Written informed consent was obtained from all participants.
Baseline data and biochemical analyses
Height, weight and blood pressure were measured at baseline by trained study personnel. BMI was calculated by dividing weight by height squared (kg/m 2 ). Each patient provided information about medical history, risk factors and medications through a self-administered questionnaire, and all information was subsequently validated against medical records. Diabetes mellitus included type 1 and 2. Current smokers included those with self-reported current smoking, those who had quit smoking within <1 month and those with plasma cotinine >85 ng/mL [12] . Patients, who reported to have quit smoking > 1 month prior to inclusion and had plasma cotinine levels ≤85 ng/mL, were categorized as ex-smokers. Pulmonary disease included chronic obstructive lung disease, other chronic lung diseases and pulmonal hypertension. Cancer included active cancer with or without metastases. Family history of early coronary heart disease (CHD) encompassed those reporting to have at least one 1 st degree relative suffering from CHD before the age of 55 for men and 65 for women. Left ventricular ejection fraction (LVEF) was determined by ventriculography or echocardiography. The extent of CAD at angiography was scored as 0-3 as has previously been described [11] . Baseline coronary revascularisation procedures, after baseline angiography, included percutaneous coronary intervention (PCI) and coronary artery bypass graft surgery (CABG).
Blood samples were collected by study personnel prior to angiography and stored at −80˚C until analysis. Serum apolipoprotein A-1 (ApoA1), apolipoprotein B (ApoB) and lipoprotein (a) (Lp(a)) were analysed on the Hitachi 917 system (Roche Diagnostics, GmbH, Mannheim, Germany). Serum C-reactive protein (CRP) was measured using a latex, high sensitive assay (Behring Diagnostics, Marburg, Germany). Plasma cotinine was measured by liquid chromatography/tandem mass spectrometry [13] . Low density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula [14] and estimated glomerular filtration rate (eGFR) was estimated using the Chronic Kidney Disease Epidemiology Collaboration formula [15] .
Follow-up and end points
The study participants were followed from angiography until they experienced one of the primary endpoints; AMI (fatal or non-fatal), death or till December 31 st 2006.
Information on clinical events was collected from The Western Norway Cardiovascular Registry and from the Cause of Death Registry at Statistics Norway as previously described [11] . An event was classified as fatal if death occurred within 28 days after onset. AMI was classified according to the diagnostic criteria of the revised AMI definition published in 2000 [16] , and fatal strokes were classified according to diagnostic criteria published in 2001 [17] . Procedure-related non-fatal AMI occurring within 24 h of coronary angiography, PCI or CABG were not included in the end-point. CV death included causes of death coded I00-I99 or R96, according to the International Statistical Evaluation of Disease, Tenth Revision system. An endpoints committee adjudicated all events.
Statistical analysis
Continuous variables are presented as means (standard deviation (SD)). Categorical variables are reported as counts (percentage). Non-normally distributed variables (diastolic blood pressure, serum creatinine, CRP, plasma glucose, serum triglycerides and Lp(a)) were log transformed. BMI groups were created using established BMI cut-offs; Normal weight (BMI 18.5-24.9 kg/m 2 ), overweight (BMI 25-29.9 kg/m 2 ) and obesity (BMI ≥30 kg/m 2 ). Underweight patients (n = 30) were eliminated due to the possibility of reverse causation. Between group differences were tested by one-way analysis of variance (ANOVA) or independent samples t-test for continuous variables, and by chi square test for categorical variables. Post hoc tests were applied for multiple comparisons where appropriate.
The relationships between baseline BMI and subsequent risk of AMI, CV death and all-cause mortality were evaluated across BMI groups. Hazard ratios (HR) and 95% confidence intervals (CI) of endpoints associated with BMI categories were estimated with Cox proportional hazard models using the BMI normal weight category as reference. The time, in days, from angiography until endpoint (AMI, CV death and all-cause mortality) or end of study (December 31 st 2006) was used as time scale. Proportionality assumptions were tested by visual examination of log minus log plots and calculating Schoenfeld residuals. Covariates in the multivariate adjusted models were selected based on clinical relevance and the changein-estimate method [18] , with a limit for inclusion of 10% change in the risk ratio. The final multivariate model included gender, age (continuous), LVEF (%), current smoking (yes/no), angiotensin converting enzyme (ACE) -inhibitors (yes/no), loop diuretics (yes/no) and pulmonary disease (yes/no). Further adjustment of the multivariate Cox model did not alter the results in the total population or in gender stratified analyses; systolic and diastolic blood pressure (mmHg), diabetes mellitus (yes/no), previous AMI (yes/no), extent of significant CAD (0-3), serum creatinine levels (μmol/L), CRP (mg/L), total cholesterol (mmol/L), vitamin B6 (yes/no) or folate/B12 (yes/no) intervention status (data not shown).
Effect modifications by gender were investigated by including the product of gender and BMI categories as an interaction term in the multivariate adjusted Cox model.
All tests were 2-sided, and a p-value <0.05 was considered significant. Statistical analyses were performed with SPSS 17 (SPSS Inc, Chicago, IL) and R 2.14.2 (The R-Foundation for Statistical Computing, Vienna, Austria).
Results
Baseline characteristics
The cohort consisted of 4131 patients (72% males), and the mean (SD) age in the total population was 62 (10) years. Baseline characteristics across BMI groups are presented in Table 1 . The mean (SD) BMI was 26.8 (3.9) kg/m 2 , and 34% of the patients had a BMI within the normal weight range, 48% were overweight and 19% were obese.
Compared to the overweight and obese groups, the normal weight group was characterised by older age and a higher proportion of current smokers and subjects with a history of peripheral arterial disease. Mean blood pressure was lower in this group, as was the prevalence of diabetes. The extent of CAD at baseline did, however, not differ between the BMI categories. Compared to normal weight patients, overweight and obese patients were more often discharged with aspirin, statins and beta-blockers, while ACE inhibitors and loop diuretics were more often prescribed to obese patients.
The levels of eGFR, serum CRP, plasma glucose, HbA1c, Hb, serum ApoB, triglyceride and Lp(a) increased across incremental BMI groups, while serum ApoA1 and HDL cholesterol levels declined.
Baseline characteristics according to gender
Among men, 32% were normal weight, 51% overweight and 17% obese, whereas the respective proportions were 38%, 40% and 22% among women. Mean (SD) BMI was 26.8 (3.7) kg/m 2 among men and 26.8 (4.7) kg/m 2 among women.
Baseline characteristics according to gender and BMI groups are presented in Table 2 . Compared to women, men were generally younger, and there was an inverse relationship between age and BMI among men. Men had worse CV risk profile and more severe CAD, at baseline, than women. Correspondingly, men, compared to women, did more often undergo revascularisation procedures following baseline angiography and were more often discharged with medication.
Follow-up and end-points
During the follow-up period (mean (SD) 4.8 (1.4) years), 337 (8.2%) patients experienced an AMI, of which 101 (30%) were fatal. A total of 302 (7.3%) patients died, of whom 165 (55%) died from cardiovascular causes.
There were statistically significant multivariate adjusted interactions between gender and BMI categories with regards to risk of incident AMI (p-int = 0.011) and Analyses were repeated in subgroups of patients with significant CAD or without diabetes only, and the results were not significantly different from those reported (data not shown).
Gender stratified analyses
A total of 267 (8.9%) men and 70 (6.1%) women suffered an AMI. Further, 241 (8.1%) men and 61 (5.3%) women died, whereof 132 (55%) male deaths and 33 (54%) female deaths were characterised as CV deaths.
Obese men had a significantly higher multivariate adjusted risk of both incident AMI; HR 1.80 (1.28, 2.52), and CV death; HR 1.60 (1.00, 2.55), compared to normal weight men (Table 3) .
Overweight women had a significantly lower multivariate adjusted risk of AMI; HR 0.56 (0.33, 0.98), compared to normal weight women (Table 4 ). By contrast, the multivariate adjusted HR for AMI between normal weight women and obese women did not differ significantly.
Discussion
Principal findings
In this large longitudinal prospective cohort study of more than 4000 patients with suspected stable angina pectoris, we demonstrate that obese male patients had a 1.8 fold and 1.6 fold increased risk of incident AMI and CV death compared to normal weight men. By contrast, compared to normal weight women, obese women had similar risk of AMI and CV death, while overweight women had nearly half the risk of incident AMI. The risk of all-cause mortality associated with BMI was similar among men and women, and did not differ significantly across BMI categories.
BMI and risk of AMI, CV death and all-cause mortality in men and women
Strong associations between overweight/obesity and risk of CVD and death have been demonstrated in the general population [19, 20] . By contrast, several studies of patients with CAD have demonstrated that overweight and/or obese patients may have a better morbidity and mortality prognosis than their leaner counterparts; although as one recent review points out, this observation is not supported by all [3] .
Only a few studies of patients with CAD have examined the association between BMI and risk of CV events and mortality in men and women separately. Our finding of an increased risk of cardiovascular events among obese men are in accordance with the results from a previous US study of patients with stable CVD, whereof 85% had CHD, as well as with a multi-ethnic sample study of patients with established CAD [5, 6] . However, while these studies did not observe any significant associations between BMI and risk of major adverse coronary events in women, we report a nearly halved adjusted risk of AMI among overweight women as compared to their normal weight counterparts.
In the present study, there was no interaction between BMI and gender with regards to all-cause mortality. Moreover, the risk of death did not differ between BMI groups. These findings are in accordance with a previous study conducted among European patients with CAD [21] . To the best of our knowledge only two studies, Included those reporting to have at least one 1st degree relative suffering from CAD before the age of 55 for men and 65 for women. Included those reporting to have at least one 1st degree relative suffering from CAD before the age of 55 for men and 65 for women. of patients with CAD, have examined the association between BMI and all-cause mortality in men and women separately [7, 8] . First, a study of Danish patients with AMI showed that normal weight, overweight and obese men had similar risk of death, whereas overweight women had a slightly decreased risk (HR (95% CI); 0.78 (0.68, 0.90)) of death, as compared to their normal weight counterparts. Furthermore, in a follow up study of the CADILLAC trial, they observed significantly lower in-hospital mortality (0.9% vs. 2.7%), 30 days (1.1% vs. 3.8%) and 1-year (1.8% vs. 7.5%) mortality in obese patients with AMI undergoing PCI when compared to normal weight patients. Statistical significance was, however, only reached in males.
Possible explanations
BMI is often used to quantify overweight and obesity owing to a high fat percentage correlation, but does not account for fat distribution. Men have a tendency to store excessive fat in visceral fat deposits, whereas women usually store fat in peripheral subcutaneous distributions [4] . Excessive visceral fat is associated with an increased risk of developing metabolic syndrome, putting men at a greater risk of developing CVD, while subcutaneous fat in the femoral-gluteal region may be associated with a more favourable CV risk profile [22] . Furthermore, overweight and obese postmenopausal women may benefit from the increase in circulating levels of estrogen produced by the adipose tissue [23, 24] .
Moreover, at baseline, men were more often affected by CV risk factors and had more severe CAD. Inclusion of these potential confounding variables in stratified multivariate analyses did not alter our results. Differing health status at baseline is thus unlikely to be the cause of the observed gender interaction.
Strengths and limitations of the study
The main strength of the present study is its, well defined population with complete follow up of clinical endpoints. Limitations include the single baseline measurements of BMI and other time dependent cofactors such as medication. We did not have sufficient data on possible confounders such as physical activity, socioeconomic status or cardio-respiratory fitness and intentional vs. unintentional weight loss, and thus we cannot exclude the possibility that residual confounding from unmeasured causal factors unevenly distributed between BMI groups may have influenced our results. Unfortunately, we did not have data on recent weight loss prior to inclusion, but as underweight patients (BMI <18.5 kg/m 2 ) were excluded, and adjustment for possible confounders such as cancer, pulmonary disease, extent of significant CAD and LVEF did not significantly alter our results, reverse causation is unlikely. BMI was positively associated with common obesity related characteristics such as higher blood pressure, diabetes, an unfavourable lipid profile, higher eGFR and CRP. Adjustment for these variables did not have a significant effect on our results, but we would in any case not include these variables in a final multivariate adjusted survival model because of the possibility of over-adjustment bias. We did, however, adjust for use of ACE inhibitors and loop diuretics as a proxy of heart failure, and there is the possibility that these variables may have mediated some of the effect of BMI. It has previously been suggested that BMI is an inadequate marker of overweight and obesity in patients with CAD [25] , with waist circumference or waist to hip ratio suggested as better predictors of cardiovascular events, especially in women [6, 26] . Studies supporting an obesity paradox have almost exclusively used BMI as an index of obesity [3] . We thus suspect that the diverging findings among such studies may be the result of BMI's inadequacy as a quantifier of true body fatness and fat distribution.
Given that there were relatively few females in the study population and the event rate was low, we thus had a low statistical power to by which to detect the possible effects of BMI on risk of events among women. Further, we cannot rule out that the relatively lower incidence rate of AMI among women is a result of detection bias; women, compared to men, are more likely to experience atypical symptoms of AMI and may consequently delay seeking medical care for symptoms or be misdiagnosed by healthcare providers [27] . Finally, the inclusion of predominantly white subjects limits the ability to generalise our findings to non-white populations.
Conclusion
Among 4131 men and women with suspected stable angina pectoris, obese men carried an 80% and 60% higher risk of AMI and CV death, respectively, compared to normal weight men, whereas being overweight, compared to normal weight, was associated with a 50% lower risk of AMI among women. These findings may potentially explain some of the result variation in studies reporting on the obesity paradox, with further investigation of the interaction between gender and BMI in terms of risk of CV events and mortality therefore warranted.
